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HIGS Pg WSrrY ETtSCTROggP RBSrs DgVTCE AND METHOD 

FIELD OF T m? rmrv ^^Q^ 
The present invention relates co eleccrophoretic analysis 
Of analytes of interest. More particularly, the invention 
relates to small-scale devices for conducting elect ropnorefcic 
s^»aration and/or analysis of analytes, as well as chemical and 
biochemical methods enmloying such devices. 
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Keller and Manakv 'DNft.. Probes. 2nd ph scbckton Press, New 
York (1993 > . 

Kheterpal et al^, Hlectrophoreaig I7il852-1859 (1996). 
Landegxen eC al., U.S. Patent No. 4,989,617. 
5 Lee et al., EP 905190 A2 C1997) . 

Livak et al,, PCT top. Kb. PCT/US9a/09657. 

Madou, M.r y^lT>Ha^«>n^als of M icrofab^icatiom CRC Press, LLC, 
3oca Raton, FL (1997) . 

Mathies, R.A., et al., Pat. No. 5,091,652 (1992). 

10 Matthews et al. Anal: fllochem. 169:1-25 (1988). 

Menchen, S., et al., PCT Pub. No. WO 94/05688 (1994). 

Menchen, S., et al., Patent No. 5,188,934 (1993). 

Pastinen, T., &t al.. Genome Rt^^^^ 7:606-614 (1997). 

Rosenblum et al., Niiea.-. Ac ids Reg. 25:4500*4504 (1997). 
15 Sze, S.M., ed., V1£T^ Technology. 2"* ^ KCGraw-Hill Publ- 

ishing, Kew York, NY (1988) . 

Wiiiteley et al., 0^S. /.Patent No. 4,883,750. 

20 The structviral analysis of polynucleotictes and other 

biomolecules is playing an increasingly important role in modem 
molecular biology. with the advent of polynucleotide ainpl±t±- 
cation technology, e.g., PGR, and projects directed towards 
sequencing the hum a n gezanpe, the level of interest in this aurea 

25 is high. In particular, = the need to process large ntxmbers of 
sanqples as quickly as possible has led co the need for 
analytical systems with increased resolution, throughput, and 
automation. 

It would be desirable to have a device which permits 
30 efficient, large-scale analy sis of many saxc^les in as small eUi 
area as possible, in order to reduce cost and the aiaouofc of 
sample manipulation. At the same time, the device should 
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provide reproducible, high sensicivity detection of analytes of 
interest. Preferably, the device vlll he compatible with a 
variety of different sample types and will be amenable to re-use 
with different sample sets. 
. 5 ' 

SUMMARY 

In one aspect/ the present invention provides an apparcitus 
for electrophoretxc separation of analytes. In a preferred 
embodiment, tihe apparatus comprises a planar siibstrate defining 

10 (1) a central reservoir region, (2) a plurality of electro- 
phoretic channels in fluid communication with, and emanating 
substantially radially from, the central reseanroir region, the 
channels being coplanar with each other, and each channel having 
(i) a proximal end which is linked to the reservoir region, and 

15 (ii) a distal end. At the distal end of each channel, the 
substrate further defines at least one chamber linked in fluid 
communication with the distal end of the channel. For example, 
each channel can be linked to a senile chamber, a sample- 
receiving chamber, and a running buffer chamber. Alternatively, 

20 each channel can be linked to two distal chambers. Each one or 
more chandlers is preferably linked to the distal end of a 
channel by a passageway that leads from each chamber in a 
direction that is initially away from the central reservoir 
region, whereby centrifugation of the suhst^rate about a central 

25 axis that is perpendicular to the channels is effective to 
disperse liquid from the crntral xeservoix xegiozi into tihe 
channels and chambers , such that any air bubbles in the 
chambers, channels, and passageways ctre forced towards the axis 
of rotation, when such liquid is present in the central 

30 reservoir region. 

The apparatus preferably includes electrodes for applying a 
voltage potential between the chambers and the central 
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reservoir. The apparatus may also include* a detector for 
detecting selected con^nents which may be present in the 
channels. In one embodiment, the detector and substrate are 
disposed such that the detector and/or substrate are rotatsible 
relative to each other to permit rotary detection. For exanple, 
in one approach, the detector can be rotatable about a central 
axis within the central reservoir region, for detecting signal 
emission from each of the channels at a selected distance from 
the axis, or along a selected length of each channels in an 
alternate embodiment , the substrate may be rotatable about a 
central axis such that the channels pa^s sequentially by the 
detector, for detecting one or more components that may be 
present in the channels- In a preferred embodiment, the 
detector is adapted for detecting a fluorescent or 
chemiluminescent signal. 

- In one embodiment, the apparatus may include an annular 
septum that covers, and which may partially define, the 
chambers, and which permits needle access to the chambers for 
delivery of liq[uids to the chambers. 

In another embodiment, one' or more of the channels may 
contain an electrophoresis medium, such as a covalently 
crosslinked medium, a noncovalently erossllnJced medium, or a 
flowable medium. 

In another aspect, the invention provides a method for 
preparing a plurality of electrophoretic paths which are 
substantially bubble -free. The method may include providing an 
apparatus such as described above, such that the reservoir 
region contains a liquid or Is in fluid comiminication with a 
liquid source, and centrifuging the substrate about a central 
axis that is perpendicular to the channels so that the liqxxid is 
dispersed from the central reservoir region into the channels 
and chambers, such that any air bubbles in the chambers. 
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channels, and/or passageways are forced towards che axis of 
rotation, yielding a plurality of bubble-free electrophoretic 
paths between the reservoir and the chambears. 

In an alternate embodiment, the ret hod may include 
5 providing an apparatiis such as described above such that the 
reservoir region, and optionally the channels, passageways, 
and/or chambers, contain a liquid, and centrifuging 
sxobstzoite about a central axis that is perpendicular to the 
channels so that the liquid is dispersed from the central 
10 reservoir region into the channels and chambers, such that any 
air bubbles in the chambers, channels, and/or passageways are 
forced towards the axis of rotation, yielding a plurality of 
bubble-free electrophoretic paths between the reservoir and the 
chambers. 

15 The apparatus and methods discussed above can also be used 

for sample analysis. In one aspect, the invention includes a 
method for analyzing a plurality of samples. The method 
preferably includes providing ait appoucatus such as describes 
above, such that the central reservoir region, channels, aTiri 

20 chambers contain a liquid medium suitable for electirophoresis of 
such samples. SassxpXes are provided in one or more of the samnsle 
chambers, and an electric field is applied under- conditions 
effective to cause migration of sample (s) through at least one 
channel towajrds the cent-ral reser-voiar region. The channel (s) 

25 may be interrogated before, during and/or after electrophoresis 
to detect one ox- more sacgple components in the channel (s) . 

The invention nay be applied to the separation and/or 
analysis of any of a variety of samples, particvilarly proteins, 
nucleic acids, polysaccharides, small molecules, and the like. 

30 Also, sanrple components to he detected may be labeled with 
detectable labels, e.g., fluorescent or chemiluniinescent labels, 
to aid detection- The invention is also useful in combination 
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with a wide variety of sample preparation methods, such as the 
polymerase chain reaction, oligonucleotide Ligation assays, 
restriction fragment ainalysis, polymer sequencing, screening 
assays, and the like. 

These and other features and aspects of the invention will 
be further understood in light of the following description ^Ttd 
the accoo^anying drawings. 

BRXSF DBSCRlPTIOag OF TEEB DRAWINGS 
Fig. 1 shows a cross -sectional overview of a substrate in 
accordance with the inventions- 
Fig. 2 shows an enlarged view of the central reservoir of 
the substrate from Fig. 1; 

Fig. 3 shows an enlarged viev of the distal end of a 
channel having linked by passageways to a saiople chamber, a 
san^le- receiving chamber, and a running buffer chamber; 

Figs. show exeisplary configurations for providing 

electrodes to the chambers auid central reservoir to control 
electrical voltages and currents; 

Figs. 5, S and 7 illu&trate an exploded pexspeetivc ^ew, 
cross-sectional view, and perspective view, respectively, of a 
subsrxate assembly of the invention; 

Fig. 8 illustrates a centrifugal device for introducing 
liquid into a channel array of the invention with liquids Mri 
for removing air biibbles; 

Fig. 9 shows a rotary detector for detecting and/or 
monitoring sample con^nents in the channels; 

Figs. lOA-lOC illustrate an anbodiment in which electrical 
voltages are provided to the substrate by a contact card; 

Pigs. IIA-IIB illustrate an embodimenc in which electrical 
voltages are provided to the substz«ite by brush contacts. 
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DETAIIiBD DESCHIPTIOK OF THE PBTgyigRRED EMBOPIMHKTS 
The presenC izxvention is direct:ed t:o devices, apparatus, 
and methods useful for rapidly and conveniently analyzing a 
plurality of samples using electrophoz-esis . In one aspect, the 
5 invention provides radial channel axrays having elect rophoretic 
pathways which, when filled with an appropriate liquid, are 
substantially bubble-free. The invention thxis p rovi des improved 
reliability in high throughput electrophoresis s^jplications . 

As used herein, the terms "channel" and ^microchannel*' are . 
10 interchangeable. ^ 

I. Appar-atus 

Reference is made to Figures 1 through 7, which illustrate 
various features of a radial channel array in accordance with a 

15 preferred embodiment of the invention. With reference to Fig, 
1, substrate 20 defines a plurality of microchannels 22 which 
emanate from a central reservoir region 24 . Each microchannel 
Includes a proximal end 22a and a distal end 22b. The channels 
define lines that intersect at a central point or axis 24a (Fig. 

20 2) in the center of the array . The central reservoir region 24 
provides a holding area for an electrophoresis buffer which is 
in fluid conmunication with the proximal ends. The central 
reservoir can also be used to introduce an electrophoresis 
inedixitn or wash fluid into the channels . 

25 In the embodiment shown in Fig 3, each microchannel 22 

terminates at its distal end with three chambers 26a., 26b and 
26c which are linked to the distal end by connecting passageways 
28a, 28b and 28c. B ach chamber is linked to the associated 
microchannel by a passageway that connects to a radially remote 

30 region of t:he chamber. In other words, each passageway leads 
from each chamber in a direction that is initially away from the 
central reservoir region, to facilitate centrifugal removal of 
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bubbles from the pathways of electrophoresis.*- The passageways 
from each of chambers 26a, 26b and 26c are preferably linked to 
form a T injector junction 30, wherein passageways 28a and 28c 
each form a right angle with respect to distal microchannel end 
22b at junction 30. These chambers may be used for various 
purposes, such as a sample chatnber, running buffer chamber, and 
sample -receiving chamber, respectively, as discussed further 
below. For exas^le, when chambers 26a and 26c are used as a 
sample chamber and sample -receiving chamber, an electric field 
between these two chambers can be used to draw a selected sample 
volume into jxinction 30, for subsequent electrophoresis towards 
the central reservoir region. The chambers may also be provided 
with independently controllable electrodes for controlling 
electrical voltages and currents in the device for various 
operations, such as electrodes 32a, 32b, ^t^h 32c shown in Figs. 
4A and 4B, and central electrode 3 2d in Fig, 4C. 

Preferably, the three chaznbers 26a, 26b and 26c associated 
with each distal end 22b aure located at different radial 
distances from the center of the substrate, to allow increased 
packing density of the microchannels and chambers. Thus, in 
Pig, 3, it can be seen that chamber 26a is closest to the 
substrate center, followed by chamber 26c, ^r^^ then 26b, 
although other arrangements can also be used. 

Figs. 4A and 4B show a partial cross -sectional view, and 
partial overhead view, respectively, of a substrate 20 that 
includes chambers 26a, 26b and 36c, and electrically conductive 
leads (electrodes) 32a, 32b, and 32c xrfiich are disposed along 
the eujrrace o£ the cubstrate and whx^ may extend into each 
chamber as shown. Also shown are optional concentric ring 
contacts 34a, 34b, and 34c located on the other side of the 
s\abstrate, which may be electrically linked to leads 32a, 32b, 
and 32c, respectively via connections 33a, 33b, and 33 c as 
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shown. The concentric ring contacts can be included to perform 
elect roptxore tic separations In the channels in parallel. The 
chambers can be covered with an annular cover or septum 50 as 
discussed further with reference to Figs. 5-7 below. 
5 Fig. 4C shows a partial cross -sectional view of the central 

region of the substrate, including cover layer 40, central 
reservoir region 24, and a threaded fastener 38 by which the 
substrate can be connected to a motor shaft 3 9 to rotate the 
substrate about central axis 24a. The ntotor shaft is preferably 
10 electrically grounded to ponovide tbe equivalent of a fourth 
electrode 3 2d that can be used in combination with electrodes 
32a, 32b, and 32C/ which permit directed movement of charged 
species between chambers or into and through the channels, ^^ rh 
electrode can be connected to^ an independently controllable 
15 voltage source in order to control the movement of materials in 
th^e chambers and channels at appropriate times. 

Although Figs. 4A-4C show particular electrode configur- 
ations, it will be appreciated that any of a vazdLety o£ othezr 
cc»xf igurations can aXso be used. For example, the electrodes 
20 can be provided from above the chambers, e.g., as part of a 
cover layer bonded over the stibstrate in which the channels, 
passageways, chambers, and central reservoir are defined. 
Similarly, the electrode in the central reservoir can be 
disposed aJbove the central reservoir, rather through the 

25 bottom as shown at 32d in Fig. 4C. 

Figs. 5-7 show an exen^lary substrate assembly 100 «^ch 
includes a substrate 20, a channel cover 40, and an ann\ilar 
chamber cover 50 . Channel cover 40 can be used to cov^r the 
channel array prior to filling the array with liquid media. Cover 
30 40 may additionally include an inlet 42 for introducing liquid 
into the central reservoir of the array, for dispersal into the 
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chcuinels. Annular chamber cover 50 is provided to cover che 
chambers during or after being filled with liquid. 

The various features of the channel array can have any 
dimensions and configurations that are cocts^atible with the 
utilities of the invention. Smaller dimensions are generally 
preferred in order to maximize the density of oicrochannels, to 
facilitate high sample througl^ut. For example, the 

microchannels can have any of a variety of cross-sectional 
configurations, such as square, rectangulcur, semicircular, 
circular, "concave, or V-shaped, with a broad range of widths and 
depths. In pearticular, the siobstrate may inclxide discrete 
capillary tubes as micro channe ls disposed upon a planar surface 
of the substrate. Conveniently, the channels have rectangulsir, 
square, or concave cross-sections with depths and widths usually 
from about 250 jaa to 1 pm, more typically from 100 ^m to 1 urn, 
and preferably 50 jua or less. Similar considerations apply to 
the cross -sections of the passageways which link the chambers to 
the distal ends of the channels. 

The lengths of the c hann els are selected to permit a 
desired degree of separation of san5>le coa^>onenu, with shorter 
lengths providing shorter electrophoresis times at the eaqjense 
of decreased separation, and longer -lengths providing longer 
separation paths and greater separation at the expense of longer 
electrophoresis times. For example, channels of from 1 cm to 50 
cm lengths are suitable for many separations, although longer 
and shorter lengths can be used as well. 

The chambers at the distal ends of the microchannels /"an 
have any configuration such as circxilar, oval, square, a-n<4 the 
like, and are typically circular. The sizes and configurations 
of the chambers linked to each raicrochannel can be the same or 
different. For exaii?)le, the sample chamber should be large 
enough to receive a sufficient sample volume, typically lo or 
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less- More generally, it is preferred that all of the chambers 
be large enough to contain a sufficient amount of buffer to 
avoid buffer depletion during electrophoresis. 

The electrodes for generating electrical currents can be 
made of any suitable conductive materieJ., and are typically made 
from one or more metals or alloys. Exemplary eiectrofe 
materials include copper, silver, platinum, palladixim, carboai, 
nichrome, and gold. The electrode materials can be formed by 
known methods, conveniently by v^)or deposition, silk screra 
imprint, or other patterning techniques. The electrocte 
materials may be coated with appropriate coating materials to 
inhibit electrochemical reactions wLth samples euid reagents. 
For example, electrodes may be coated with a permeation layer 
having a low molecular weight cutoff that allows passage of 
small ions but not reagent or analyte molecules, as described, 
for example, in PCT Publ. No. WO 95/12808 and WO 96/01836. 

The passageways leading from the chambers to the channels 
cure preferably of minimum length to facilitate rapid electro- 
phoresis. However, longer than miTt-iimtTn lengths may be usefiil to 
help avoid leakage of liquid from the chambexs Into the 
channels. 

The substrate defining the channel anray is pareferably 
weighted evenly about its central axis to allow stable 
centrifugation. Typically, the substrate is provided in the 
shape of a disc having a siibstantially circular perimeter. 

The sxibstrate can be formed ffom any material, or combination 
of materials, suitaJt>le for the purposes of the invention . 
Materials which may be used will include various plastic polymers 
and copolymers, such as polyprqpylenes , polystyrenes, polyimides, 
and polycarbonatee - Inorganic macerials such as glass awfi silicon 
are also useful. Silicon is advantageous in view of its 
cotroatibility with roicrof aibrication techniques and its high 
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thermal conductivity, which facilitates rapid hfeating and cooling 
of the device if necessary. 

The channel array nay be formed by any suited>le methodology 
available in the art. For plastic materials, injection molding 
will generally be suitable to form channels, etc., having a 
desired configuration. For silicon, standard etchix^ techniques 
from the semiconduccor industry may be used, as described in Madou 
C1997) and Sze (1988), for example. Etching technicjues may be 
preferred for channel arrays with especially small dimensions. 

The substrate typically contains two or more laminated 
layers. For example, the channel array can be formed by etching 
or injection molding into the surface of a substrate, after which 
the channel array is • sealed hy overlaying a layer of material 
which covers at least the channels, passageways, chambers, and 
optionally the central reservoir, to prevent evaporation of 
liquids from the array (see Figs, 5-7) . 

In general, the substrate layers can be sealably bonded in a 
mimber of ways* CaaventionaXXy, a suitable bonding substance, 
such as a glue or epoxy-type resin, is ^3plied to one or both 
opposing siirfaces that will be bonded together. The bonding 
stzbstance may be applied to the entirety of either surface, so 
that the bonding substance (after- cur-ing) will come into contact 
with the chambers and/or channels. In g case, the bonding 
substance is selected to be cctopatible with the samle ^^r^ any 
detection reagents used in the assay. Alternatively, the bonxiing 
substance may be applied arotmd the channel array so that contact 
with the san?)le will be minimal or avoided entirely. The bonding 
substance may also be provided as part of an adhesive- backed tape 
or membrane which is then brought into contact with the opposing 
surface. In yet another approach, the sealable bonding is 
accorolished using an adhesive gasket layer which is placed 
between the two substrate layers. In any of these approaches. 
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bonding may be accomplished by any suiciable M&ethod, including 
pressure -sealing, ultrasonic welding, and heat curing, for 
example. 

The substrates and apparatus of che Invention may be adapted 
to allow rapid h e ati n g and cooling of the chambers and channels to 
facilitate saniple preparation (e.g., for PGR) and/or san^le 
separation. In one ejnbodiment, the device is heated or cooled 
using an external temperature -controller- The temperature- 
controller is adapted to heat/cool one or more surfaces of the 
device, or may be adapted to selectively heat the detection 
chambers themselves. To facilitate heating or cooling with this 
embodiment, the siibstrate material is prefeirably formed of a 
material which has high thermal conductivity, such as copper, 
aluminum, or silicon. Alternatively, a substrate layer in contact 
with the c h a m bers and/or channels may be formed from a material 
having moderate or low thermal conductivity, such that the 
temperature of the all or selected chambers and/or channels can be 
conveniently controlled by heating or cooling the heat-conductive 
layer regardless of the thermal conductivity of other layers in 
the substrate. In cme preferred emlDodiment, an outer layer is 
provided across one of the surfaces of substrate as an adhesive 
copper-bac3ced tape. 

In an a.ltemative embodiment, means for modulating the 
temperature of the detection chambers is provided in the substrate 
of the device itself. For exas^le, the substrate may include 
resistiire traces which contact regions adjacent the sample 
chambers, whereby passage of electical current through the traces 
is effective to heat or cool the chcunbers. Thxs approach is 
particularly suitable for silicon-based substrates, and can 
provide superior temperature control. 

For optical detection, the material defining the channel 
array is preferably optically transparent or at least includes 
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transparenc regions or windows which permit viewing of part or all 
of each channel, and optionally permit viewing of the chaanhers, 
passageways, and/or other el«E«xts of the channel array. For this 
purpose, silica -based glasses, quartz, polycarbonate, or an 
5 optically transparent plastic layer may be used, for exasole. 
Selection of the particular transparent material will depend in 
part an the optical properties of the material ^rtr^ the 
spectroscopic characteristics of the signal to be defected. For 
exan^le, in a fluorescence -based assay, the material should have 

10 low fluorescence* emission at the wavelength (s) being measured. 
The window material should also exhibit minimal light absorption 
for the signal wavelengths of interest. 

Other layers or materials may also be included. For example, 
the sample chamber may be lined with a material tbat has H-ig h heat 

15 conductivity, such as silicon or a heat-conducting metal, to 
permit rapid heating and cooling of the san^le. Silicon surfaces 
which contact the sample are preferably coated with an oxidation 
layer or other suitable coating, to render the surface more inert. 
Similarly, where a heat-conducting metal is used in the substrate, 

20 the metal can be coated with an inert material, such as a plastic 
polymer, to prevent corrosion of the metal and to separate the 
metal surface from contact with, the sample . 

For electrophoresis of saorples, the channel sunray is 
P2referably filled with an electrophoresis mediuni via the central 

25 reservoir region. For this purpose, the central reservoir 
region and channels may be enclosed using a coveir equipped with 
an inlet, for transporting liquid into the array, and the distal 
chaunbers can be covered with an arnwlar cover, such as cover 50 
in Fig. 5 . 

30 In one embodiment, the annular cover is porous to air but 

is relatively impervious to aqueous liquid. Thus, with 

reference to Fig. 5, liquid introduced through inlet 42, e.g.. 
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by pressure or hy cencrifugal force, flows cnrough the radial 
channels and inco the discal chambers such that: displaced air 
escapes through the annular cover. Once the cfaambera are full, 
the porous cover provides back pressure sufficient to prevent 
the liquid from leaking out of the chambers. The porous annular 
cover may then be replaced with an annular septum to seal the 
chambers but allov introduction of fluids to the channels by 
cannula or needle. In an alternate approach, an annular cover 
which may be porous or not, is placed in close (but not sealed) 
contact with the outer radial region of the subscrate during 
filling, so that e xc ess liquid escapes through a narrow gap 
between the annular surface and outer substrate surface. After 
filling is con^lete, the annular ring can be pressed securely 
against the opposing substrate surface to seal chambers, 
such that excess liquid between the annular ring and siibstrate 
surfaces is squeezed out. Filling can be promoted further by 
placing the substrate assembly in a vacuum atmosphere, to help 
reduce resistance from any air occupying channels and 

chambers. 

According to one aspect of the invention, filling the 
channel with liquid can be facilitated by spdLnning the array 
about the central axis pexpendieular to the aLsnray plane, to 
drive fluid towards the periphery of the array by centrifugal 
force. In addition, any bubbles in the chambers will be driven 
towards the center of the array, away from the passageways 
linking the chambers to the channels. In this regard^ Pig. B 
shows a substrate ass^nbly 100 seated in a centrifugation device 
200, for centrifuging the assembly as just described. The 
substrate assembly 100 is spun at a speed and for a time 
sufficient to remove substantially all bubbles from the channels 
and passageways, to provide continuous electrical and liquid 
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pathways between the central reservoir and the chamber 
electrodes . 

The electrophoresis medium in the channels can be any 
medium deemed appropriate by the user for the purposes of this 
invention. Usually, the medium will be an aqueous medium, 
although nonaqueous media are also contenplated . Additionally, 
the medium may contain agents that impede or otherwise alter the 
migration rates of saii^le components. Exac^jles of such agents 
include water-soluble polymers such as agarose, polyacryl amide, 
polyraethacrylamide, methyl cellulose, hydroxys thylcellulose, 
hydroxypropylcellulose , hydroxypropylme thylcelltilose , .poly- 
ethylene glycol, galacto mannnn , polyvinyl alcohol, polyacryl- 
oylaminoethoxyethanol , polyethylene imine, polyvinyls ce tat e, 
polyvinylpyrrolidone, and polyvinyloxazolidone, and also 
fluorine-containing polymers (e.g., see RaaaJcrishna et al., U.S. 
Patent No, 5,552,028 and 5,567,292; Grossman, U.S. Patent No. 
5,374,527; Menchen et al., U.S. Patent No. 5,468,365; and 
Grossman et al. (1992)). The foregoing matreriaXs can be used 
to form eatangled matrices if concentrations are sufficiently 
high, although more dilute (non* entangled) concentrations may 
also be used. Covalently crosslinked media, such as 
polyacrylamide crosslinked with bis- aery lamide, also be 

used, in which case loading is typically accon^lished before the 
medium is crosslinked, e.g.,. by UV irradiation or by adding an 
initiator reagent such as tetr r^mf>^>Yy l m^ A\ arwi plus ammonium 
persulf ate . 

If desired, the inner surfaces of all or part, of the channel 
array can be coated with any stii table coating material, to reduce 
sanrole adsorption. Since electrophoresis is usixally performed in 
an aqueous separation medium, adsorption of san^jle can usually be 
reduced by covering the inner surfaces of the separation cavity 
with a hydrophilic coating that masks pOuentiauLly adsorptive 
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surface regions- Exemplary reagents for coating adsorptive 
surfaces include polyacrylamide , polymethacrylamide, polyvinyl 
alcohol, polyethers, cellulose acetate, polyalJcylene oxides, 
poly (vinylpyrrolidone) , and other materials as are known in the 
5 art. Preferably, such coatings are attached to interior surfaces 
covalently, although adfiorptiva aoncovalent coatings may also be 
suitable . 

Coating reagents for reducing saxnple adsorption r^r, also be 
\tsed to control the magnitude of electroosmotic flow (EOF) . For 

10 exannple, EOF along glass silicate surfaces can be substantially 
reduced by coating them with a neutral reagent that masks a 
substantial percentage of surface silanol groups. The magnitude 
of EOF can be further controlled by using coating reagents that 
include positively or negatively charged groups. Positively 

15 charged coatings can be used to nullify surface negative charges 
to give a net sxirface charge of zero, so that EOF = 0. Coatings 
with higher positive charge densities can be used to reverse the 
directi on of EOF for charged surface materials. This can be 
useful for slowing the net migration rates of positively charged 

20 sample species. Conversely, negatively charged coatings can be 
used to iii5>art to or dLncrease the magnitude of negative charge on 
surfaces, to slow the net migration rates of negatively charged 
species. Representative positively charged coatings include 
polyethylene imine, quatemized polyethyleneimine , and chitosans, 

25 for exa mp le > Representative negatively charged coatings include 
carboocylate and sulfonate containing materials « such as 
poly (me thy Igiut amate ) and 2 *acrylamido - 2 -methy Ipropanesulf onate 
polymers, for exanrple. It will be recognized that charged 
coatings can also effectively reduce sample adsorption, especially 

30 for samples having the same charge polarity as the coating (e.g., 
Wiktorowicz, U.S. Patents No. 5,015,350 and 5,181,999)- 
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The choice of additives, if present, ia the separation medium 
will depend in part on the sample and ^he nature of the interior 
surfaces, as well as other factors, in some applications, it may 
be desirable to use both a covalent surface coating and soltible 
buffer agents to control sample adsorption and EOF. 

Samples may be from any soxirce which can be dissolved or 
extracted into a liquid that is compatible with the uses of 
present invention, and which may potentially contain one or more 
analytes of interest. For exan5>le, the sample may be a biological 
fluid such as blood, serum/ plasma, urine, sweat, tear fluid, 
semen, saliva, cerebral spinal fluid, or a purified or modified 
derivative thereof > angles may also be ft>>r^ipofi from plants, 
animal tissues, cellular lysates, cell cultures, microbial 
sauries, Eud soil samples, for exan^ile. The sample may be 
purified or pre-treated if necessary before testing, to remove 
substaxLces that might otherwise interfere with, atnalyte detection. 
Typically, the sample fluid will be an aqueous solution, 
particularly for polar analytee such as polypeptides, 
polynucleotides, and salts, for exanple. The solution may include 
surfactants or detergents to improve analyte solubxXxty. For non- 
polar and hydrophobic analytes, organic solvents may be more 
suitable . 

For each channel, sample is preferably loaded into a distal 
chamber, referred to herein as a sample chamber^ by injection 
through a chamber wall, e.g., via a septum material such as 
discussed above. Pre-existing air and/or liquid in the chamber 
is pref ersdaly allowed to escape the chamber via a second needle 
of cannula whi ch passes through the chamber wall, so that the 
chamber is preferably uniformly loaded with the sainple. One or 
more of the other distal chambers of each channel can also be 
loaded with a selected liquid medium using the same loading 
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technique . Sample loading can be automated using a rofaocicaily 
controlled sample dispensor, if desired. 

After sample loading is conrolete, the substrate may be 
ceatrifuged as discussed above with respect to Fig. 7, in order 
to drive any air bubbles towards the center of the channel 
array, and out of the various paths of electrophoresis. 

Once loaded, an aliquot of sdxz^>le is preferably trauasf erred 
front the sample chamber to the distal end of the channel by 
applying an electric field between the sample -containing chan^jer 
and a selected "sink" (waste) chamber. For exan^le, with 
reference to Fig. 3, sample in chamber 2Sa can be transferred 
electrokinetically into junction 30 by applying an electric 
field between . chambers 2ea and 26c. The amount of san^le 
(sample plug) transferred into the pathway of channel 22 is 
proportional to the cross- sections of passageways 28a and 2Bc at 
jiinction 30 (which def dunes the initial band width of t he 
aliquot) and by the cross-section of channel 22 at junction 30. 
After the first electric field is shut off, an electric field is 
applied between chamber 26b and central reservoir 24, thereby 
drawing the sample plug Into channel 22 and initiating 
separation of san?)le components on the basis of different 
electrophoretic mobilities. Any other appropriate sample 

loading sequence may also be used* 

Electrophoretic operations can be carried out in the 
channels simultaneously (in parallel), individually (sequent- 
ially) , or any combination thereof . With reference to Figs . aa- 
4C discussed above, electrophoresis can be performed sequent- 
ially by applying appropriate voltages to electrodes 32a, 32b, 
32c, and 32d (without needing rings 34a-34c and connectors 33a- 
33c) . Conveniently, this can be accomplished by attaching an 
electrical contact card to the upper or lower surface of the 
svibstrate, such that the contact card has individual electrical 
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contacts that align with the substrate * electrodes, as 
illustrated in Figs. lOA-lOC. 

Figs. lOA-lOC siKJW a cross-sectional side viev and overhead 
view of an exemplary contact csurd 400 which can be used to 
supply separate electrical voltages to the distal chambers of a 
microchannel . Contact card 400 includes uppex and lower 
protrusions 402a and 402b which define a cavity tiierebetween, 
for snugly gripping an electrical lead on the substrate, such as 
electrical leads 32a, 32b and 32c (Figs. 4B and ICC). The upper 
and lower protrusiosis of th.e card are preferably made of a 
flexible material so that the contact ceird can be easily clamped 
onto and removed from substrate 20 . Contact card 400 also 
includes electrical leads 404a ^ 404b, and 404c having exposed 
terminal ends 406a, 40Sb, and 406c, respectively, for contacting 
electrical leads 32a, 32b, and 32c, as illtistrated in cross* 
sectional side view in Fig. IOC. 

Simultaneous electropboretic operations can be performed 
conveniently toy applying appropriate voltages to one or more 
conductive rings which are electrically connected to the 
electrodes in the distal chambers, such as rings 34a, 34b and 
34c shown in Figs. 4A and 4B. For this embodiment, the voltage 
potentials are preferably provided through conductive brushes 
which can remain in contact with the concentric rings while the 
substrate is rotated about its axis for analyte detection, if 
desired. For example, with reference to Figs. llA and llB, a 
etxbetrate 20 having concentric ring contacts such as contacts 
34a, 34b, and 34c shown in Fig. 4A, is contacted with 
corresponding brush contacts 502a, 502b, and 502c which are held 
by one or more holders, such as holders 504a, 504b, and 504c. 

Simultaneous electrophoresis has the advantage of fascer 
sample analysis. Sequential electrophoresis, on the other hand. 
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allows more careful concrol of elecnrophores-is conditions in 
each channel. 

Sample componsncs of interest: may be det:ect:ed in the 
chcuinels by any of. a variety of techniques, such as fluorescence 
3 detection, uhsatiluminescence detection, UV- visible adsorption, 
radioisotope detection, electrochemical detection, and 
biosensors, for example- For optically based detection methods 
(e.g., fluorescence, absorbance, or chemiluminescence) , the 
substr-eite assembly should contain at least, one detection zone 

10 near the proximal end of each channel. 

Typically, optical detection is performed from cdaove or 
below the plane of the substrate assembly. In general, optical 
signals to be detected will involve absorbance or emission of 
light having a wavelength between about Z80 nm (ultraviolet) and 

15 about 50 pm {far infrared) . More typically, the wavelength is 
betwem cd^out 200 nm (ultraviolet) and about 800 nm (near 
infrared) . For fluorescence detection, any cpaque substrate 
material in the zone of detection preferably exhibits low 
reflectance properties so that reflection of the illuminating 

20 light back towards the detector is minimized. Conversely, a high 
reflectance will be desiraiale for detection based on light 
absorption. With chem i lu m i n escence detection, where light of a 
distinctive wavelength is typically generated without illuminating 
the sample with an outside light soxirce. absorptive and 

25 reflective properties of the substrate assendt>ly will be less 
important, provided that at least one optically trauisparent window 
is present per channel for detecting the signal. Preferably, 
substantially all of the substrate assembly is transparent, to 
allow visualization of the entire channel array. 

30 When the material defining the upper surface and sides of the 

c h a nn els sure optically clear, and detection involves fluorescence 
measurement, the channels can be illuminated with excitation light 
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through the sides of the c hanne ls (parallel to - the plane of che 
substrate assembly) , or more typically, aiagonally fro© above 
(e.g., at a 45 degree angle), and emitted light is collected from 
above the substrate assembly, usually in a direction perpendicular 
to the plane of the channel array. 

Fig. 9 shows an exemplary detection system 300 con^arising a 
rotary plate 302, substrate assembly 100, and detector arm 304. 
Detector arm 304 carries a detector rod 306 having a lower end 
that is positioned over a selected detection zone on the channel 
array of assembly 100, in operation, detector rod 306 is 
positioned over a defection zone of a channel for a time (or 
times) sufficient to collect a signal from the channel to identify 
the presence of, and/or quantify, one or more scunple coogponents in 
the channel. 

In one approach, the detector rod remains over the detection 
zone of the channel during elect rophore tic separation of che 
sas^le, to record an electrppherogram of conponents continuously 
or at discrete time points as they migirate past the detector rod. 
After the desired information has been collected, assembly lOO is 
rotated so that the detector is positioned over tbe dstection zone 
in the next channel, and another electropherogram is recorded. 
Thus, electrophoresis is performed sequentially from rrViaTrr^^T to 
channel, until the desired electropherograms liave been obtained. 

In another approach, si gna ls are meaewed periodically in 
each channel during simultaneous electrophoresis in two or more 
c hannels , by rotating the assembly at selected time intervals to 
collect electropherograms simultaneously as a series of time 
points. Preferably, the frequency of data collection from each 
channel is sufficient to ensxire collection of at least two points, 
and preferably core, per component peak, to facilitate accuracy 
and sensitivity of detection. 
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The Seuiple coinponents or analytes to ba measured can be 
labeled co facilitate sensitive and accurate detection. Ledbels 
may be direct labels which themselves are detectable or indirect 
labels which are detectable in combination with other agents. 
Sxenqplary direct labels include but are not limited to 
fluorophores, chroraophores , (e.g., ^^P, ^^s, ^H) . spin-labels, 
chemi luminescent labels (e.g., dioxetane-producing moieties), 
radioisotopes, and the like. Exemplary indirect labels include 
enzymes which catalyze a signal -producing event, and ligands 
such as an antigen or biotin which can bind specifically with 
high affinity to a detectable anti-ligand, such as a labeled 
antibody or avidin. Many references on labeling molecules of 
interest, such as DNA, proteins, polysaccharides, and the like, 
are available. Exemplary references include Matthews et al. 
(1983), Hauglaxid (1992), Keller and Manak (1993), Eckstein 
(1991), Fung et al,; Hobbs et al.^ Lee et al., Menchen et al. , 
Bergot et al., Rosenblum et al. (1997), and Jaclcson (WO 
91/0525^) . 

In one preferred embodiment, sample components or target 
analytes are measured by fluorescence detection. To perform such 
detection^ the detection zone of each channel be illuradLnated 
by a suitable ligbt source, e.g. a high intensity mercury vapor 
laxap, laser, or the like. Preferably the illumixxation n^ans is 
a laser having an illumination beam at a wavelength between 488 
and 550 nm. More preferably, particularly for dye-labeled 
polynucleotides, illumination is accomplished using a laser 
light generated by an argon ion laser, particiilarly the 488 and 
514 nm emission lines of an argon ion laser, or the 532 nm 
emission line of a neodymium solid-state YAG laser. Several 
argon ion lasers are available commercially which lase 
simulcaneously at these lines, e.g. Cyonics, Ltd. (Suimyvale, 
Calif.) Model 2001, or the like. The fluorescence is then 
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dececced by a light-sensitive detector^ e.g., a- photomultiplier 
tube, a charged coupled device, or the like. Conveniently, the 
fluorescence detector has a confocal arraingeraent , such as 
described in Huang et al-, 1992, Khetexpal et al., (1996; and 
S other references (see also Fodor, X995, and Mathies et al., 

1992) . 

Sample cocnponent signals can also be collected from one or 
more channels simultaneously using an area- type detector, such 
as a charge -co\ipled detector (CCD), (e.g.. Model TE/CCDSL2SF. 
10 Princeton InstriJments, Trenton, KJ) with suitable optics (Ploem, 

1993) , such as described in Yersfaov et al. (1996), or may be 
Imaged by TV monitoring (Khrapko» 199X) . For radioactive 
signals (e.g., ^^P) r a phosphoriiaager device can be used 
(Johnston et al., 1990; Drmanac et al., 1992; 1993). Other 

15 commercial suppliers of imaging instruments include General 
Scanning Inc. (Watertown, * MA, www.genscan.com) , Genix 
Technologies (Waterloo, Ontario, Canada; www.confocal.com), a ^r^ 
Applied Precision Inc. 

III. Utility 

The present invention can be used for euiy of a wide variety 
of applications. The invention can be used for medical or 
veterinary purposes, such as detecring pathogens, diagnosing or 
monitordLng disease, genetic scre^aing, determining antibody or 
antigen titers, detecting and monitoring changes in health, and 
monitoring drug therapy. The invention is also useful in a wide 
variety of forensic, environmental, and industrial applicatiOTs, 
including screening molecules for selected activities. 

For exan^le, the invention can be used co analyze varoius 
nucleotide and polynucleotide analytes produced by a variety of 
techniques, such as the polymerase frha-i p reaction, oligonucleotide 
ligation assay (e.g., Whiteley, et al. and Landegren et al.), 
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minisequencing (Pastinen ec al., 1997), microsatellice/variabie 
number cf candem repeat (VNTR) analyrses (e.g., LivaJc et: alj, 
restriction fragmeat length polymorphism (RFLP) analysis, and 
Sanger-cype sequencing (e.g., Lee et al., EP 80S190 A2, pc . 38- 
39) . 

The invention is also useful foar analyzing otlxezr types of 
sample components, such as polypeptides, ftnTf.no acids, 
polysacchaxides , monosacchar^idcs , metabolites, drugs, etc. The 
invention is also useful for high- throughput screening, ^rtierein a 
large auraber of different molecules are tested for a selected 
activity, such as bi nding of a ligand to a receptor, activation or 
inhibition of an enzyme^ and the lite. 

More generally, the present invention provides a convenieai: 
way to rapidly analyze analytes in a plurality of Sctn^^les. The 
invention is highly flexible in its applications, being adaptable 
to analysis of a wide vax^iety of analytes and sample materials . 
Furthermore, for array configurations in which distal chambers are 
linked to the channels by passageways leading away from the centex 
of the array, the invention allows bubbles to be r«noved from 
electrophoretic paths by centrifugation, prior to sanple 
separation and analysis, thereby enhancing precision, accuracy and 
reproducibility of analyses. Moreover, very small volumes of 
saiE5)le are required since the dimensions of channel arrays of the 
invention can be very small. 

While the invention has been described with reference to 
certain embodiments and exaxnples, it will be appreciated that 
various modifications and variations can be made without 
d^jartiing from the spirit of the invention. 
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Claims : 

1. l^paratus for electrophorecic separation of analytes. 
the device comprisixigr 
5 a siibstrate including 

(1) a central reservoir region, 

(2) a plurality of electrophoretic channels in fluid 
communication with, and emanating substantially radially from, 
the central reservoir region, the channels being coplanar with 

10 each other, and each channel having (i) a proximal end which is 
linked to the reservoir region, and (ii) a distal end, and 

(3) for each channel one or more chambers that are each 
linked by a passageway in fluid cotmmmication with the distal 
end of that channel, 

15 wherein each passageway leads f ro m each chamber in a 

direction that is initially away from the central reservoir 
region, whereby centrifugation of the substrate about a central 
axis that is perpendicular to the plane of the channels is 
effective to disperse liquid from the central reservoir region 

20 into said channels and chambeirs such that any air bubbles in the 
c h a m bers, channels, and passageways are forced towards the axis 
of rotation, when such liquid is . present in the cenccal 
reservoir region. 

25 2. The apparatus of claim l, wherein the distal end of 

each channel is linked by passageways to two chambexs. 

3. The apparatus of claim 1, wherein the distal end of 
each channel is linked by passageways to a sample chamber, a 
30 sample -receiving chamber, and a running buffer chamber. 
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4. The apparatus of claim 1, which *. further includes 
electrodes for applying a voltage pocencial between said 
chambers and the central reserToir. 

5. The apparatus of claim 1, which further includes a 
dstector for detecting selected components which may be present 
in one or more of the channels. 

6. The apparatus of claim 5, wherein the detector is a 
fluorescence or chemi luminescence detector. 

7. The apparatus of claim 5, wherein the detector is 
rotatable about a central axis within the central reservoir 
region, for detecting signal emission fxom each of the channels 
at a selected distance from the axis. 

8. The apparatus of claim 5, which further inclxxdes a 
mechanism for rotating the substrate about a central axis such 
that the channels pass sequentially by the detector, for 
detecting one or more components that may be present in the 
channels. 

9. The apparatus of claim i, wherein said chambers are 
defined in part by an annul ar septum that cavers the chambers 
and permits needle-access to the chambers for delivery of liquid 
to tJie chambers. 

10. The apparatus of claim l, wherein at least one of said 
channels contains eui electrophoresis medium. 

11. The apparatus of claim lo, wherein the electrophoresis 
medium is a flowable medium. 
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12. The apparacus of claim 10, wherein the eleccrophoresis 
medium is a covalently crosslinked medium. 

13. The • apparatus of claim 1, wherein the substrate 
defines at least 20 of said channels. 

14. The a^xaratus of claim i, wherein said channels have 
cross-sectional diameters between 1 and 100 pm. 

15. The apparatus of claim 12, wherein said channels have 
cross-sectional diameters between 2 and 50 pm. 

16. A method for preparing a plurality of electrophoretic 
paths which are substantially bubble-free, cooprising 

providing an apparatus as defined in claim 1 such that the 
reservoir region either contains a liquid or is in fluid 
communication with a liquid source, 

centrifuging the substrate about a central axis that is 
perpendicular to the channels so that the liquid is dispersed 
from the central reservoir region into said channels and 
chambers, such that any air bubbles in the chambers, channels, 
and/or passageways axe forced towards the of rotation, 

yielding a plurality of bubble-fxee electrophoretic paths 
between said reservoir and said chambers. 

17. A method for preparing a plurality of electrophoretic 
paths which are substantially bubble- free, coaprising 

providing an apparatus as defined in claim 1 such that the 
reservoir region, and optionally the channels, passageways, 
and/or chambers contain a liquid. 
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centrifuging the substrate about a central axis thar is 
perpendicular to the channels so that the liquid is dispersed 
from the central reservoir region into said channels and 
chambers, such that any air bubbles in the chambers* chamnels, 
and/or passageways are forced ta^t&rds the axis of rotation, 
yielding a plurality of biabble-free electrophoretic paths 
between said reservoir and said chambers. 

13. A method for analyzing a pltirality of san^les 

comprising : 

providing an apparatus in accordance with claim 1, such 
that the central areservoir region, chaxmels, and chambers 
contain a liquid medium suitable for electrophoresis of such 
samples » 

applying an electric field under conditions effective to 
cause aiigration of sample througli at least one of said channels 
towards the central reservoir region, and 

interrogating at least one of the channel (s) to detect one 
or niore sample conponentis in the channel (s). 

15. The method of claim 18, wherein the components to be 
detected are nucleic aclda. 

20. The method of claim X9, wherein the nucleic acids to 
be detected are fluorescent ly labeled. 

21. The method of claim XB, wherein the samples are 
prepared by polymerase chai n reaction, aiz^lif ication of one or 
more selected target sequences. 

22. The method of claim 19, wherein the samples are 
prepaured by iigating at least two oligonucleotides when the 
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oligonucleotides are bound co adjacenc regions of a tcirgec 
polynucleotide that are complementary to the at leeist two 
oligonucleotides . 

23. The method of claim 18, wherein the c o ng im ents to be 
detected are polypeptides. 
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